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PROALCOOL (National Alcohol Program):

⇒ created in 1975 by the Brazilian Government 
⇒ to produce alcohol-based fuel to decrease the effects on the balance of payments
⇒ anhydrous ethanol was used mixed with gasoline
⇒ hydrated form as automotive fuel
⇒ to give rise to a new renewable energy source

ADVANTAGES:

⇒ use of alcohol as fuel to minimize an economic problem 
⇒ environmental advantages such as elimination of lead as an additive to gasoline 
⇒ ethanol reduces the emissions of SO2, CO and hydrocarbons
⇒ its use contributes to the reduction of the amount of carbon in the atmosphere.
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Source: Luiz Cortez - Unicamp
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Sugar cane: energy, sugar and capture of CO2

Sugar cane
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Bioethanol’s origin in renewable sugar cane and 
various cereal crops which are able to reduce 
carbon in the atmosphere, and is the major 
factor that contributes to reducing the global 
warming

IntroductionIntroduction (3)(3)
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ProductionProduction ofof Anhydrous Ethanol Fuel inAnhydrous Ethanol Fuel in BrazilBrazil**

*http://www.anp.gov.br/doc/anuario2006/T4.2.xls
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2004 ⇒ Brazil was the first country that had a futures contract on the stock
exchange (NYBOT) for anhydrous ethanol ⇒ “commodities”

International market ⇒ specification of ethanol is relevant !

IntroductionIntroduction (4)(4)
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The National Agency of Petroleum, Natural Gas and Biofuels (ANP) 
is responsible for the control of the quality of biofuels in Brazil. It 
regulates the limits for several parameters in biofuels, and 
specifically the pH measurement, according to the ABNT Standard 
10891 (2006), “Determination of pH of hydrated ethyl alcohol”.

pHe is one of the parameters specified in the American Standard, 
using the ASTM Standard D 6423-99 (2004) “Test Method for 
Determination of pHe of Ethanol, Denatured Fuel Ethanol and Fuel 
Ethanol (ED75-ED85)”.
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pHe measurement is important 
due to the corrosive effect on 
vehicle engines.

Because of the difficulty in 
measuring the pHe value in non-
aqueous solutions, INMETRO has 
focused its attention on the need for 
accurate and reliable measurements  
through the work for developing 
and producing Certified Reference 
Material (CRM) for Anhydrous 
Ethanol Fuel .

IntroductionIntroduction (6)(6)
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The aim of this work is to present the results of the studies of pHe
measurements in Anhydrous Ethanol Fuel using 4 different 
commercial electrodes:

the influence of variation in temperature 

conditions of stirring of the sample
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pHe measurements: 

CRM pH 4.005 (Inmetro) and CRM pH 6.865 (Radiometer)

pH meter (Metrohm) coupled with different electrodes:
Orion Sure-flow and Mettler Toledo (internal solution: KCl 3 mol.L-1)
Digimed and Metrohm (internal solution: LiCl saturated in ethanol)

Thermostatic bath (0.13 °C stability) (Marconi)

Pt 100 (U = 0.25 °C; k = 2; CL = 95%) (Metrohm)

Magnetic stirrer (Metrohm)

MaterialsMaterials andand MethodsMethods (1)(1)

OrionOrion SureSure--FlowFlow ElectrodeElectrode
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Representative samples were taken from a Brazilian 
producer

A preliminary study was made of pHe measurements, 
adapting the procedures described in the ABNT and 
ASTM Standards

MaterialsMaterials andand MethodsMethods (2)(2)
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Standard ASTM D 6423Standard ASTM D 6423--99 (2004)99 (2004)

Procedure for determining the strength of 
acidity of the fuel with a high ethanol (pHe) 
content

Level of ethanol (75 – 85 %)
pHe is not directly related to  pH in 

aqueous solutions
pHe = f (composition of fuel, degree of 

stirring, time electrode is immersed in 
solution)

Measurement temperature (22 ± 2) ºC; 
specific pHe electrode (Orion) and pH meter

Measurement time: 30s 
Electrode regeneration: pH 7.0 and 

cleaning after 10 measurements (acid and 
alkaline solutions)

Standard ABNT 10891 (2006)Standard ABNT 10891 (2006)

Hydrated ethyl alcohol
Use of combined glass electrode

system silver/silver chloride KCl 3 
Mol.L-1  aqueous solution (reference
electrolyte LiCl 3 Mol.L-1 alcoholic
solution (electrolyte measurement) and
pH meter

pH 4.00 and pH 6.86 CRMs
Low stirring sample and electrode
Measurement temperature (20 ± 2) ºC 
Measurement time 2 min
pH is measured (?) pHe no (?)

MaterialsMaterials andand MethodsMethods (3)(3)

12 / 27



A Symposium
on Biofuels MaterialsMaterials andand MethodsMethods (4)(4)

ProcedureProcedure

The pH meter with 2 CRMs should be checked every time 
it is used to guarantee the correctness of pHe measurements

The electrode is cleaned with deionized water every time
a pHe measurement is taken
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After 3 pHe measurements,
the glass electrode was regenerated with 

1 mol.L-1 HCl solution alternating with 1 mol.L-1 NaOH solution
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The study of the homogeneity of 
the sample is notable for being 
one of the most important factors 
to assure the maintenance of the 
physicochemical properties of the 
material studied.
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FactorialFactorial PlanningPlanning 2 2 levelslevels: 2: 222
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HomogeneityHomogeneity of of thethe SampleSample

ResultsResults (1)(1)

Fcalculated: 1.010 is less than Ftabulated: 2.848 Sample is homogeneous
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PreliminaryPreliminary ResultsResults (T = 22 ºC)(T = 22 ºC)

SelectedSelected conditionsconditions: time : time andand stirringstirring of of thethe samplesample
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PlanningPlanning of of ExperimentsExperiments: : ElectrodesElectrodes A A andand BB
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Significant effect, with CL = 95%,  if the absolute value is over 
t4 (t-student, 4 df) × s (standard error) = 2.776 × 0.33 = 0.9

None of them were over 0.9 ⇒ There is no significant difference between the pHe
measurements performed with electrodes A and B under the proposed conditions

19 / 27

EffectsEffects of of FactorialFactorial PlanningPlanning 2222 : : ElectrodesElectrodes A A andand BB
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PlanningPlanning of of ExperimentsExperiments: : ElectrodesElectrodes C C andand DD
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EffectsEffects of of FactorialFactorial PlanningPlanning 2222 : : ElectrodesElectrodes C C andand DD

Significant effect, with CL = 95%,  if the absolute value is over than t4                
(t-student, 4 df) × s (standard error) = 2.776 × 0.61 = 1.7

None of them were over 1.7 ⇒ There is no significant difference between the pHe
measurements performed with electrodes C and D under the proposed conditions
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UncertaintyUncertainty of of pHepHe MeasurementMeasurement withwith ElectrodeElectrode AA

pHe:  5.129 ± 0.375 (k = 2; CL = 95%)

ResultsResults (7)(7)
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AdditivesAdditives**

*In:“The European Alternatives Fuel Market and the Role of Fuel Additives”, 
Simon Mulqueen, Biofuels Conference, Greece, 2007 

To To increaseincrease thethe ethanolethanol pHepHe valuevalue
⇒⇒ AccordingAccording to to ASTMASTM

ResultsResults (8)(8)
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ConclusionsConclusions (1) (1) 

With the preliminary studies of pHe measurements in anhydrous 
ethanol fuel using 4 different commercial electrodes, the best results 
were achieved when the conditions for the experiment were 
established with measurement times at every 30 s and stirring of the 
solution, since in those conditions the smallest coefficients of
variation were obtained for the pHe value in the sample. 

According to the results obtained in this work, it can be concluded 
that all of the electrodes studied at 20 ºC and 25 ºC, with 
measurement times at every 30 s and with stirring, proved adequate 
for the measurement of pHe. So, there is no significant difference 
among the pHe values presented. 
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It is worth pointing out that, in this study, the pHe
measurements in alcohol solution have no relationship with 
the pH value obtained from an aqueous solution, since 
there is a lack of scientific research in this field. 

This study contributes to a better understanding of the 
pHe measurements in alcohol solutions, providing reliability 
in pHe measurements, which will be necessary in further 
developments of CRM for anhydrous ethanol fuel.
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